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self-shielding, ② the experimental technique and the computational method for the nuclear 
characteristics of the transuranic elements, ③ the method for the calculation of sensitivity 
coefficients and that for the sensitivity analysis, ④ the method of calculation for the Doppler 
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as the accelerator driven subcritical reactors. It should be noted here that the joint paper between 
JUA and CEA on the void coefficient will be published in Nucl. Sci. Eng. Vol. 136, as a fruit of the 
present cooperative study. 
 
 
10. KEY WORDS : 
(1) Next Generation Light-Water Reactor  (2) Reactor Physics  
(3) トップラー反応度 (4) Trans-Uranium Element  
(5) 燃焼計算 (6) Neutronics Calculation Method  
(7) Accelerator Driven Subcritical Reactor (8) Experimental Technique 
 
11. REFERENCES : 
 
    AUTHORS, TITLE OF ARTICLE JOURNAL, VOLUME-NUMBER,PAGES CONCERNED, YEAR 
H. Unesaki, S. Shiroya, K. Kanda, S. Cathalau, O. Aizawa et al., 
“Analysis of Differences in Void Coefficient Predictions for 
Mixed-Oxide-Fueled Fueled Tight-Pitch Light Water Reactor Cells”
Nuclear Science and Engineering, 
Vol.1.135.1, pp.1-22, 2000  
H. Unesaki, T. Iwasaki, T. Kitada, A. Kohashi, S. Shiroya et al., 
“Measurement of 237Np Fission Rate Ratio Relative to 235U Fission 
Rate in Cores with Various Thermal Neutron Spectrum at the Kyoto 
University Critical Assembly” 
Journal of Nuclear Science and 
Technology, Vol.37.8, pp.627-635, 2000
T. Iwasaki, T. Horiuchi, D. Fujiwara, H.Unesaki, S. Shiroya et al., 
“Measurement and Analysis Capture Reaction Rate of 237Np in 
Various Thermal Neutron Fields by Critical Assembly and Heavy 
Water Thermal Neutron Facility of Kyoto Univ.” 
Nuclear Science and Engineering, 
Vol.136.3, pp321-339, 2000 
 vii
H. Unesaki, T. Iwasaki, T. Kitada, Y. Ikeuchi and S. Shiroya, 
“Measurement and Analysis of 241Am Fission Rate Ratio Relative to 
235U Fission Rate in Thermal Neutron Systems Using Kyoto 
University Critical Assembly” 
Journal of Nuclear Science and 
Technology, Vol.38.8, pp. 600-606, 
2001 
S. Shiroya, H. Unesaki and T. Misawa, “Accelerator-Driven 
Subcritical Reactors in Japanese Universities :Experimental Study 
Using the Kyoto University Critical Assembly” 
Transactions of the American Nuclear 
Society, Vol.84, pp.78-79, 2001  
S. Shiroya, A. Yamamoto, H. Moriyama, H.Unesaki, et al., “Present 
Status of Next Term Project in KURRI” 
Proc. 13th Symp. on Accelerator Sci. 
Technol., pp.470-472 
S. Shiroya, A. Yamamoto, K. Shin, T. Ikeda, S. Nakano and H. 
Unesaki, “Basic Study on Neutronics of Future Neutron Source 
Based on Accelerator Driven Subctitical Reactor Concept in Kyoto 
University Research Reactor Institute (KURRI)” 
Progress of Nuclear Energy, Vol. 40.3-4, 
pp.489-496, 2002 
S. Shiroya, H. Unesaki, C. Ichihara, H. Nakamura, K. Kobayashi and 
T. Misawa, “Experimental Study on Accelerator Driven Subctitical 
Reactor Using the Kyoto University Critical Assembly  (KUCA)” 
Proc. Int. Conf. on the New Frontiers of 
Nucl. Technol.: Reactor Phys., Safety 
and High-Performance Computing 
PHYSOR 2002, pp. 7C-01 1－6, 2002 
Y. Yamane, Y. Kitamura, H. Kataoka, K. Ishitani and S. Shiroya, 
“Application of Variance-to-Mean Method to Accelerator Driven 
Subctitical System” 
Proc. Int. Conf. on the New Frontiers of 
Nucl. Technol.: Reactor Phys., Safety 
and High-Performance Computing 
PHYSOR 2002, pp. 7E-02 1－8, 2002 
T. Takeda, M. Hattori A. Santamarina, and C. Chabert, 
“Inter-Comparison of Doppler Reactivity Coefficients for LWR UO2 
and MOX Cells” 
Proc. Int. Conf. on the New Frontiers of 
Nucl. Technol.: Reactor Phys., Safety 
and High-Performance Computing 
PHYSOR 2002, pp. 11A-04 1－ 10, 
2002 
Hironobu Unesaki, Keisuke Okumura, Takanori Kitada and Etsuro 
Saji, “Update Status of Benchmark Activity for Reactor Physics 
Study of LWR Next Generation Fuels” 
Trans. Am. Nucl. Soc. Vol.88, 
pp.436-438 
Akio Yamamoto, Seiji Shiroya, “Study on neutronics design of 
accelerator driven subcritical reactor as future neutron source, Part1: 
static characteristics” 
Annals of Nuclear Energy, Vol.30, 
pp.1409-1424, 2003 
Akio Yamamoto, Seiji Shiroya, “Study on neutronics design of 
accelerator driven subcritical reactor as future neutron source, part2: 
kinetic characteristics” 








1. 緒 言 
 現在、我が国において、原子力発電が総発電電力量の 3割以上を担う時代となっている
が、現行の軽水炉(LWR)を利用した発電以外の方式が実用化されないとすれば、ウラン(U)
























す共鳴吸収効果計算法、(3) Pu 燃料燃焼に伴う MA 蓄積量評価法、(4) 炉物理実験による
核データ、核計算評価法等の飛躍的な精度向上、などを目標として国際共同研究を行い、
炉物理計算手法の高度化を CEA の実験施設及び KUCA を用いた実験により検証しながら
達成し、次世代型 LWR設計の精度向上に資することを目指すものである。 
 
2. 研 究 の 概 要 
 上述したようにJUA と CEA との間で「次世代型原子炉の物理」に関する日仏研究協力

































3. 研 究 の 内 容 及 び 成 果 
 研究の内容及び成果については、日仏セミナーを開催して共同研究を推進してきたので、
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Thank-you Address from CEA 
 
10:00 Topic 2 
2-1. Olivier Litaize, Alain Santamarina and C. Chabert 
“Synthesis of the JUA/CEA Results on the LWR Doppler Reactivity 
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4-3. Tomohiko Iwasaki 
“Comparison of the CEA and JUA Calculation Results on the P.I.E. 
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“Power Normalization Using Individual Peak Check Technique” 
 
16:45 Discussion on Future Cooperation 
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MINUTES of the 
9th Seminar on NEXT GENERATION REACTOR PHYSICS 
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Makoto Inoue Research Reactor Institute, Kyoto University 
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Seiji Shiroya Research Reactor Institute, Kyoto University 
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Agenda: 
Monday, 22nd January 
Opening Address 
TOPIC 2 : Rim & Radial Temperature Effects- Doppler Coefficient 
TOPIC 4 : Minor Actinide Recycling and TRU Physics 
TOPIC 6 : Cooperation On Experimental Techniques 
Proposal And Discussions For The Future Cooperation 
 
Tuesday, 23rd January 
Technical Visit to KUCA 
 
 
1. Opening Addresses 
 
On behalf of the JUA, Prof. SHIROYA expressed his happiness to welcome the 
French delegation to the 9th Seminar on Next Generation Reactor Physics within the 
framework of the cooperation between Japanese University Association and the 
Nuclear Energy Directorate of CEA.   He mentioned that the fruitful cooperation of 
CEA and JUA resulted in the first common paper related to the void coefficient 
benchmark published in N.S.E. in May, 2000, and also expressed his confidence in the 
fruitful discussions during the Seminar. 
 
On behalf of Research Reactor Institute, Kyoto University, Prof. INOUE 
expressed his welcome to the French delegation and his expectation for the fruitful 
cooperation.  
 
On behalf of CEA, Dr. CATHALAU thanked the Japanese delegation for the 
organization of the Seminar.  He described the various activities of the new 
organization in CEA, and expressed his expectations for the friendly exchange to be 
continued further on.  
  
2. Technical Presentations 
 
2.1.  Topic 2 : Rim & Radial Temperature Effects- Doppler Coefficient 
 
O. LITAIZE presented the CEA results on the synthesis of the JUA/CEA results 
on the LWR Doppler reactivity coefficient benchmark.  Comparison of cases using 
average temperature and temperature profile, both treating the space dependent self 
shielding have been performed for APOLLO-2 results by CEA and RESPLA and MVP 
results by Osaka University.  Very similar results have been obtained for PWR cases, 
whereas for the BWR cases, increases in the disagreement between APOLLO-2 and 
RESPLA results for average temperature case have been observed.  The good 
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agreement between APOLLO-2 and MVP for the BWR cases was found despite the 
different libraries used, which may be due to cancellation of the discrepancies.  It has 
been pointed out that MVP results of PWR results would be helpful for further 
discussions.  
 
M. HATTORI presented the results of the MVP calculations on the LWR Doppler 
reactivity coefficient benchmark.  For PWR-UO2 cell, the average model 
overestimated 9% +/- 3%, whereas for the PWR-MOX cell, slight overestimation 
within the statistical error by the use of the average temperature model was observed.  
It has been suggested to make the comparison of reaction rates in MOX cells, 
especially Pu-240, to understand the observed discrepancies.  
 
M. HATTORI presented the study on the improved method of Doppler coefficient 
calculation by Multiband method.  This methodology has been implemented in the 
RESPLA code developed at Osaka University.  Compared to the previous results, 
which showed that the use of averaged temperature overestimated the Doppler 
coefficient by 14% in PWR and 20% in BWR cell, the current results based on the 
modified RESPLA for UO2 cell of the Doppler benchmark showed that the 
overestimation has been changed to 8% and 20% in PWR and BWR cells, respectively.  
 
2.2.  Topic 4 : Minor Actinide Recycling and TRU Physics 
 
G. YOUINOU presented the parametric studies on MA transmutation in PWRs.  
The effect of initial content and target radius of Np and Am targets on the MA 
consumption were studied in the 24 guide-tubes in a UOX 3.7% assembly.   It has 
been shown that the depleted amount is sensitive to the initial content but not to the 
target radius for both NpO2 and AmO2 targets.   It has also shown that the negative 
reactivity due to the introduction of the targets are also very sensitive to the initial 
content of MAs, so that the initial content and the number of target assemblies should 
be carefully determined from the viewpoint of reactivity.  
 
T. IWASAKI presented the results of the analysis of benchmark problem based on 
Japanese PIE data.  Significant discrepancies were found between the French and 
Japanese results for Pu-238, Am-243, Cm-242, Cm-244, Sb-125, Cs-134 and Eu-154. 
 
C/E values for Pu-238, Am-243, Cm-244, Cs-134, Ce-144 are underestimated, 
whereas those for Cm-242, Sb-125 and Eu-154 are overestimated.  The rather large 
C/E of Cm-242 could possibly be attributed to its experimental uncertainty due to its 
short lifetime.  Notable trends were observed for Sb-125, Eu-154 ; good agreement for 
JUA, overestimation for CEA.  It has been pointed out that the disagreement for 
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Sb-125 is due to ambiguity in fission yield from ORIGEN2, whereas the disagreement 
for Eu-154 is due to ambiguity in cross section of ORIGEN2.  The reasons for the 
discrepancies of the heavy metal results are to be analyzed, including the comparison 
of Am-242m cross section between JEF2.2 and JENDL-3.2.  
 
G. YOUINOU presented the French results of the MA burnup benchmark 
calculated using APOLLO-2.  The following differences were found ;  
z Np-237, 50% atom fission : Np-237, Pu-240 and Pu-242    
z Np-237, 90% atom fission:  Pu-242 and Cm-244 
z Am-241, 50% atom fission : Pu-240, Pu-242, Am-244, Cm-244 
z Am-241, 90% atom fission : Pu-238, Pu-242(significant) 
z Cm-244, 50% atom fission : Cm-244, Cm-245 
z Cm-244, 90% atom fission : Cm-244 (significant), Cm-246 (significant) 
The Am-241 results are consistent to PIE results and maybe attributable to cross 
section difference of Am-242m.  For the Cm-244 case, it has been pointed out that 
Cm-244 is not self-shielded in CEA93 library but the effect is not yet checked. 
 
Through the discussions, it turned out that the JUA calculations are based on 
constant flux , whereas the CEA calculations are based on constant power.  This 
disagreement leads to the difference in flux level during burnup steps.  It has been 
concluded that it might be difficult to compare all the data due to the disagreement 
between the treatment of benchmark specifications. 
 
T. IWASAKI presented the overview of the recent PIE activities in Japan after 
1995, which consist of five cases of both PWR (Takahama-3 plant, 3 cases) and BWR 
(Fukushima-Daini-2 plant, 2 cases).   The PIE data are open to public as 
JAERI-Tech 2000-071 and were proposed to be included in the new benchmark 
problems for CEA-JUA cooperation.  
 
O. LITAIZE presented the result of CEA on the selection of the new PIE 
benchmark proposed by Dr. Iwasaki during the last meeting at Dec.2000.  For PWR 
cases, sample group SF95 was rejected; for group SF96, three cases (SF96-2, -4 and 
-5) and for SF97, three cases (SF97-2, -4 and -6) were selected.  For BWR, all cases in 
SF98 and SF99 were selected.  It has been pointed out that the following information 
are necessary in order to perform the benchmark; definition of void rate, exact 
geometry to be able to orientate the assemblies, information about other pins as those 
analyzed, position of assembly in the core, detailed information about control blades if 
any, and the current approach of analysis made by the Japanese side.  
 
2.3.  Topic 6 : Cooperation On Experimental Techniques 
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S. CATHALAU presented the results for the power normalization using individual 
peak check technique.  The objective of this method is to determine the Pu fission 
rate / U fission rate ratio allowing the normalization between γ-scan maps of UO2 and 
MOX, independently measured.  Fission rates are evaluated based on γ measurement 
of 92Sr or 140Ba-140La.  The measured results are combined with calculated 
normalization factors, which were almost independent to the pin location, to obtain 
the final results.  This experimental technique was successfully applied to 
MISTRAL-4 UO2-REF core.   
 
H. UNESAKI presented the results of the 241Am/235U fission rate ratio 
measurement and analysis performed at the Kyoto University Critical Assembly 
(KUCA).  The average C/E value for JENDL-3.2 was 0.88.  The difference between 
JEF2.2 and JENDL-3.2 was 7 to 11%.   The cause of the difference arises from cross 
section difference at low energy resonances, especially at 0.576eV and thermal cross 
sections.    
 
S. CATHALAU presented the results of absolute calibration of fission chambers 
performed at SPEx.  The calibration experiments were performed using GIN26 
neutron generator together with the calculated data using MCNP.   The new 
calibration system is expected to serve to improve the absolute measurement 
uncertainty and nuclear data library.  
 
3. Proposal And Discussions For The Future Cooperation 
 
3.1.  Topic 2 : Rim & Radial Temperature Effects- Doppler Coefficient 
 
It has been agreed to perform reaction rate comparison, especially for the MOX 
case in order to summarize the results to be published in a common paper.  Prof. 
Takeda will contact A. Santamarina on the preparation of the common paper 
 
3.2.  Topic 4 : Minor Actinide Recycling and TRU Physics 
 
Concerning the first PIE benchmark, the experimental burnup data in the 
previous benchmark specification was corrected by JAERI and corrected data would 
be transferred from JUA to CEA by the end of January.  CEA will perform the 
calculation and send the results to JUA by the end of June, which is two months 
before the deadline of paper submission for the ND2001 conference. Only the nominal 
cases are to be recalculated. The contact person is T. Iwasaki (Tohoku University) for 
JUA and G. Youinou for CEA.  
 9
 
Concerning the new PIE benchmarks, Dr. Iwasaki explained that no information 
about the control elements are provided by JAERI; however, irradiation has been 
performed under the absence of control elements in the neighbor of the assembly.  All 
other information requested by CEA would be transferred to CEA side by T. Iwasaki 
by the end of March.   The results of PWR cases (SF96, No. 2, 4 and 5) should be 
presented by the end of June; the BWR cases (SF98, three cases) should be presented 
by the end of December.  The schedule for the rest, i.e. SF97 and SF99 are to be 
determined during the next Seminar. 
 
CEA side has proposed to initiate a new benchmark on burnup calculation.  
Proposals will be send to JUA by CEA via e-mail ; the detail of the benchmark will be 
discussed during the next seminar. 
 
3.3.  Schedule for the Next Joint Seminar 
 
The next JUA-CEA seminar is scheduled to be held in conjunction with the 
NUPEC meeting, which will be held on June at Cadarache.  A technical meeting is 
also scheduled to be held in December if necessary.  
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Japanese University Association and CEA/DEN Meeting 
 
December 11-12, 2001 
Cadarache - Bldg 230 
 
Agenda 
Tuesday 11 Dec. Morning  
 
9:30 am  Welcome address (A. ZAETTA and A. SANTAMARINA) 
 
 Topic 2 : Doppler Reactivity Coefficient  
 
9:45 am Comparison of Reaction Rate in LWR Doppler Reactivity Coefficient Benchmark 
 (Prof TAKEDA) 
 
10:30 am Doppler coefficient results 
 (C. CHABERT, A. SANTAMARINA) 
 
 Topic 4 : PIE Benchmarks and Minor Actinide Recycling 
 
10:45 am Japanese calculation result for PWR benchmark. 
  (Prof IWASAKI) 
 
11:15 am APOLLO2/CEA93 Analysis of the SF97(PWR 17x17) PIE Benchmark 
 (C. CHABERT) 
 
11:45 am Specification for BWR benchmark. 
  (Prof IWASAKI) 
 
12:15 am Analysis of Innovative U233-Np-Th Core as a Np-Burner. 
  (Prof AIZAWA) 
 
 Lunch at the  « restaurant des cadres » 
 
Tuesday 11 Dec. Afternoon : Topics on Advances in Codes 
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2:15 pm DESCARTES : the future French neutronics Code. 
 (M. SOLDEVILA, J.J. LAUTARD) 
 
3:00 pm Advances in APOLLO2/CRONOS package for HTR calculation. 
 (X. RAPSAET, M. SOLDEVILA) 
 
3:45 pm Evaluation of Eigenvalue Separation by Continuous Energy Monte Carlo Calc. 
 (Dr KITADA) 
 
Wednesday 12 Dec. Morning 
 
 Topic 5 : Experiments and Experimental Techniques 
 
9:15 am  Experimental Validation of the neutronics characteristics of the sub-critical 
multiplying of an ADS : the MUSE experiment  
 (R. SOULE) 
 
9:45 am  Analysis of the MUSE experiment  
 (J.F.LEBRAT) 
 
10:15 am  Present Status of Next Term Project in KURRI. 
 (Prof SHIROYA) 
 
10:30 am  Preliminary Results of Kuca ADS Experiments and Analysis. 
 (Dr UNESAKI) 
 
 
11:00 am  Joint Japanese – French Papers to be presented at the next Conferences 
 










 日本の大学連合(J U A)とフランス原子力庁(C EA)の「次世代型原子炉、特に軽水炉の物理の開
発研究分野に関する協力協定」（2004年 4月までの実施が確定されている）では、現在、以下の6
つのトピックスが共同研究課題として規定されている。 
Topic 1: Self-Shielding Methods Including Mutual Resonance Shielding（共鳴自己遮蔽相
互干渉を含む自己遮蔽効果評価手法） 
Topic 2: Rim and Radial Temperature Efects on Fuel Depletion and Doppler R activity 
Coeficient（燃焼及びドップラー 反応度に対するリム効果及び径方向温度分布の
影響） 
Topic 3: Sensitivity Prof le Calculations in MOX Lattices and Error Propagation（MOX燃
料格子における感度係数計算及び誤差伝播） 
Topic 4: Minor Actinide Recycling and TRU Physics（マイナーアクチニドリサイクル及び
T RU の物理） 
Topic 5:  Leakage Model Validation（中性子漏洩モデルの評価） 
Topic 6:  Co-operation on Experimental Techniques（実験技術に関する協力） 
 この協力研究協定のもと、共同研究の成果の報告、及び情報交換として、「日仏セミナー」がほ
ぼ年１回のペースにて開催されている。今回の日仏セミナーは第１０回目にあたるものであり、2001















ースの結果の比較が行なわれ、U O 2セルにおけるU -238捕獲反応率、並びにM O Xセルにおける
U -238捕獲反応率、Pu-240捕獲反応率、Pu-242捕獲反応率において差異が大きいことが指摘
された。特に、U -238捕獲反応率では、ペレット平均温度使用時と領域毎温度使用時との反応率





Topic 4（マイナーアクチニドリサイクル及び T RU の物理） 
 
 岩崎智彦氏（東北大）より、PW R（高浜３号）の PIE データに基づくベンチマーク問題（「SF97」ベ
ンチマーク）の解析結果が報告された。ここでは、SW AT コー ドシステム（SRAC +O RIG EN-2)を用い
たピンセルモデルの解析結果として、U -234、Pu-238、Am-241, 242m、Cm-243, 244, 245, 246, 
247、Sm-147, 149、Sb-125について C/E が１から大きくずれていることが指摘された。特に、Cm





 次いで、Ch. Chabert氏（C EA Cadarache）より、APOLLO-2.5（ライブラリはC EA93 ver. 6）を用
いた SF97 ベンチマーク計算結果が報告された。ここでは、集合体モデルを用いた燃焼計算結果
が報告され、 






z FP については、Cs-134、Eu-154、Sm-147, 148, 149のC/E 値が１から大きくずれていること、 
等が報告された。 
 




 次いで、相沢乙彦氏（武蔵工大）より、U -233+T h-233燃料を用いたNp-237燃焼炉に関する解
析結果が報告された。ここでは、燃料中の U -233 及び Np-237含有量をパラメー タとし、ピンセル
燃焼計算に基づくNp-237消滅率、及び、ボイド反応度係数の計算結果が報告された。この報告
に対し、U -233を用いる理由について質問があり、比較的多量（重量比 10～15%）の Np-237を含
む燃料の場合には中性子経済上 U -233を用いる必要があることが説明された。 
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 計算コー ド、手法の開発 
i
 
 M. Soldevila氏（CEA Saclay）より、CEAが中心となって開発を進めているD ESCART ES システム
の開発状況の説明があった。ここでは、EPR の開発、現行炉の置き換え、C EAの新研究炉 RJ H の
開発、G C R に関する研究開発のスケジュー ルを鑑み、多用途に利用可能な炉物理ツールの準備




のD ES CART ES、熱水力計算のNEPT U NE、燃料・材料のメカニクス計算のPLEIAD ES の各システ
ムを上位共通アーキテクチャP＠L で統合したシステムを構築する予定とのことである。 
 
 次いで、F. Damien氏（CEA Saclay)より、SAPHYR コードパッケージ（APOLLO-2, CRONOS-2）
のH T R 核計算への適用に関する報告があった。ここでは、従来のコー ドシステムにH T R 燃料の二











 R. Soule氏（C EA Cadarache）より、Cadarache研究所のM AS U RCA装置（高速中性子系臨界集
合体）で行なわれている、加速器駆動未臨界炉の核特性に関するM U S E 実験の報告があった。こ
こでは、現在実施されている M U S E4 実験について、炉心構成、G ENEPI 加速器の仕様、実験計
画の概要が説明され、11月２９日に実施された最初の実験結果が報告された。また、関連して、C. 
Jammes（C EA Cadarache）より、M U S E 実験に関連して開発された時系列データ収集システムの概
要、及び、動特性パラメー タ測定実験への適用例が報告された。 
 
 次いで、J.-F. Lebrat氏（C EA Cadarache）より、M U S E3実験の実験解析結果に関する報告があ
った。M U S E3 実験では、小型のパルス中性子発生装置を炉心の中に組み込んだ実験が行なわ
れており、パルス中性子発生装置の構造、特に絶縁用のポリエチレンの取り扱いが解析結果に大







 次いで、宇根崎博信氏（京大炉）より、KU CAにおけるAD S 関連実験に関する報告が行なわれ
た。ここでは、現在の実験計画の概要、光ファイバー検出器を中心とした測定系の説明、及び、










にB W R ベンチマーク（SF98）について、集合体仕様に関する追加情報の入手を試みることが了解
された。また、これらの作業結果を待って、より充実した解析結果が得られた後に共著論文として
取りまとめを行なうことが了解された。 
 また、中性子漏洩関連の研究テーマについて、あらたに C EA側よりボイド状態におけるセル計
算に関するベンチマーク解析の実施の申し入れがあり、C EA側でベンチマーク問題を作成後、内
容を協議して実施の可否を決定することとなった。 
 次回会合は2002年 10月前後に日本にて開催予定である。 
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11-th CEA/JUA Seminar 
November 25 - 26, 2002 









November 25 (Monday) 
 
9:45 Opening Address 
Welcome Address from JUA 
Thank-you Address from CEA 
 
10:00 - 12:00 
Topic 2 
2-1. Kazuya YAMAJI and Toshikazu TAKEDA 
“Rod Ejection Simulation in Sub-Assembly Based on Micro Reactor Physics” 
Topic 4 
4-1. Arnaud COURCELLE 
“Analysis of the CEA/JUA PWR P.I.E Benchmark. Improvement using 
JEFF3.0 Evaluations” 
4-2. Takashi CHIBA and Tomohiko IWASAKI 
“Sensitivity Calculation of Cross Sections for the PWR Benchmark” 
4-3. B. ROQUE and A. SANTAMARINA (Arnaud COURCELLE) 
“Comparison of Cell Analysis and Assembly Analysis in BWR P.I.E 
Benchmark” 
 
12:00 - 13:20 Lunch 
 
13:20 - 15:10 
Topic 5 
5-1. Seiji SHIROYA 
“Present Status of Next Term Project at KURRI in Relation with the 
Accelerator Driven Subcritical Reactor” 
5-2. Stephane CATHALAU 
“Improvement of the Integral Gamma-Spectrometry Technique” 
5-3. Yoshihiro YAMANE, Yasunori KITAMURA, and Hideto YAMAUCHI 
“Study on Variance-to-Mean Method for Pulse-Mode Operation of 
Accelerator-Driven Subcritical System at KUCA” 
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5-4. Patrick BLAISE (Stephane CATHALAU) 
“Power Map Measurement through La-140 and Sr-92 Peak Check 
Technique” 
 
15:10 - 15:30  Coffee Break 
 
15:30 - 17:30 
Topic 5 
5-5. Hironobu Unesaki 
“Preliminary Analysis of KUCA Critical Experiments using JENDL-3.3” 
New Topic 
N-1 Olivier LITAIZE 
“Monte-Carlo Reference Calculation of APWR Neutronic Parameters. 
Qualification on MISTRAL Experiments” 
 
17:30 - 17:40  Discussion on Future Cooperation 
 
17:30 - 17:40  Closing Address 
 
18:00 - 19:30  Social Meeting 
 
 
November 26 (Tuesday) 
 
9:00 - 11:00 
Discussion on Future Cooperation 
Writing Minutes 
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2-1.  Kazuya YAMAJI and Toshikazu TAKEDA, “Rod Ejection Simulation in 
Sub-Assembly Based on Micro Reactor Physics” 
2-2.  T. Takeda, “Proposal of Benchmark Problem of Doppler Reactivity 
Calculation “ 
Topic 4 
4-1.  Arnaud COURCELLE, “Analysis of the CEA/JUA PWR P.I.E Benchmark. 
Improvement using JEFF3.0 Evaluations” 
4-2. Takashi CHIBA and Tomohiko IWASAKI, “Sensitivity Calculation of Cross 
Sections for the PWR Benchmark” 
4-3. B. ROQUE and A. SANTAMARINA, (presented by A. Courcelle), 
“Comparison of Cell Analysis and Assembly Analysis in BWR P.I.E. 
Benchmark” 
Topic 5 
5-1.  Seiji SHIROYA, “Present Status of Next Term Project at KURRI in Relation 
with the Accelerator Driven Subcritical Reactor” 
5-2.  Stephane CATHALAU, “Improvement of the Integral Gamma-Spectrometry 
Technique” 
5-3.  Yoshihiro YAMANE, Yasunori KITAMURA, and Hideto YAMAUCHI, 
“Study on Variance-to-Mean Method for Pulse-Mode Operation of 
Accelerator-Driven Subcritical System at KUCA” 
5-4.  Hironobu UNESAKI, “Preliminary Analysis of KUCA Critical Experiments 
using JENDL-3.3” 
New Topic 
N-1. Olivier LITAIZE, “Monte-Carlo Reference Calculation of APWR Neutronic 
Parameters. Qualification on MISTRAL Experiments” 
 




Prof. Takeda (Osaka Univ.) addressed the opening of the Seminar and expressed his 
gratitude to all the participants.   
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Prof. Shiroya (Kyoto Univ.) expressed his happiness to welcome the French physicists 
for the Seminar and his confidence in the fruitfulness of the discussions. 
Dr. Cathalau (CEA) expressed his gratitude for the invitation to the Seminar and his 
confidence in the fruitfulness of the discussions. 
 
Topic 2: Rim and Radial Temperature Effects on Fuel Depletion and Doppler 
Reactivity Coefficient 
 
2-1. Kazuya YAMAJI and Toshikazu TAKEDA, “Rod Ejection Simulation in Sub-Assembly 
Based on Micro Reactor Physics” 
 
Mr. Yamaji (Osaka Univ.) presented the results of control rod ejection transient 
analysis in LWR subassemblies.  This work has been performed with special emphasis on 
Doppler reactivity calculation using temperature distribution obtained in the transient 
analysis and the verification of effective temperature models.  The analysis has been 
performed using the modified MICA code (developed at Osaka Univ.) with time-dependent 
sub-group and IQS-CCCP method capabilities.  It has been pointed that 1) the Rowlands 
effective temperature assuming parabolic temperature profile tends to underestimate the 
Doppler reactivity in transient temperature profiles, 2) volume averaged temperature 
model has better accuracy under non-parabolic temperature profiles, and 3) azimuthal 
temperature distribution has no significant impact on Doppler reactivity calculation.  The 
verification of exact Rowlands effective temperature and improvement of MICA code 
including the generation method of subgroup parameters and treatment of resonance 
interference effect remains as future works. 
 
2-2. Toshikazu TAKEDA, “Proposal of Benchmark Problem of Doppler Reactivity 
Calculation “ 
 
 Prof. Takeda (Osaka Univ.) proposed a new benchmark problem of Doppler 
reactivity calculation.  The purpose of this benchmark problem is 1) to evaluate the effect 
of cross sections with consideration of space-dependent self-shielding and temperature 
distribution within a rod, and 2) to validate the average temperature models used in 
conventional Doppler reactivity calculations.  
 
Topic 4:  Minor Actinide Recycling and TRU Physics 
 
4-1. Arnaud COURCELLE, “Analysis of the CEA/JUA PWR P.I.E Benchmark. 
Improvement using JEFF3.0 Evaluations” 
 
 Dr. Courcelle (CEA) presented the results of CEA/JUA PWR PIE benchmark 
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SF-97-4 using APOLLO-2 and JEFF3.0 nuclear data.  The major improvement in the 
nuclear data is U-235 and Pu-241.  It has been shown that the previous results based on 
JEF2.2 nuclear data showed remarkable underestimation for U-236 (-5%) and Pu-242 
(-9%), and also for higher MAs, especially for Cm isotopes (-20% to –30%).  The ORNL 
evaluation for U-235 adopted in JEFF3.0, ENDF/B-VI.5 and JENDL-3.3 tends to give 
lower C/E values of k-effective in highly enriched U systems, which improves the 
discrepancies between experiment and calculation.  For the SF-97-4 benchmark, the C/E 
of U-236 is improved to –2% by the use of this new U-235 evaluation.  The new Pu-241 
evaluation improved the C/E value of Pu-242 by 4% and those of Am-243 and Cm isotopes 
by up to 10% in the SF-97-4 benchmark. 
 
4-2. Takashi CHIBA and Tomohiko IWASAKI, “Sensitivity Calculation of Cross Sections 
for the PWR Benchmark” 
 
 Mr. Chiba presented the results of SF-97 benchmark using SWAT code system 
and JENDL-3.2 library.  In order to investigate the cause of large discrepancy of up to 
-50% for higher Cm isotopes by JENDL-3.2, sensitivity studies for U, Pu and Am cross 
sections have been performed; values of cross sections were uniformly varied over the 
whole energy range.  It has been shown that capture cross sections for Pu-241, Pu-242, 
Am-241 and Am-241 should be corrected by 20% to 30% in order to improve the C/E 
values of Cm isotopes.   
 
4-3. B. ROQUE and A. SANTAMARINA, (presented by A. Courcelle), “Comparison of Cell 
Analysis and Assembly Analysis in BWR P.I.E. Benchmark” 
 
 Dr. Courcelle (CEA) presented the results of SF-98 benchmark devoted to BWR 
PIE.  The results of cell calculation and subassembly calculation performed using 
APOLLO-2 code were compared.  It has been pointed that detailed analysis to be 
compared with experimental data is currently not possible due to the lack of detailed 
information of the axial enrichment distribution.  
 Dr. Iwasaki (Tohoku Univ.) commented that the benchmark data is being provided 
by JAERI and not directly from the utilities. The detailed information, especially those for 
BWR assembly are currently not accessible.  Therefore, it was recommended to cancel 
the further analysis of BWR benchmark problems.  
 
Topic 5: Cooperation on Experimental Techniques  
 
5-1. Seiji SHIROYA, “Present Status of Next Term Project at KURRI in Relation with the 
Accelerator Driven Subcritical Reactor” 
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 Prof. Shiroya (Kyoto Univ.) presented the ADSR research project at Kyoto 
University Research Reactor Institute.  This project, mainly conducted by Kyoto 
University and KEK (High Energy Accelerator Research Organization), is a joint project 
including universities and industries, and is currently supported by the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT) of Japan.  In the project, the 
FFAG (fixed field alternating gradient) type synchrotron 150MeV proton accelerator is 
combined with the Kyoto University Critical Assembly (KUCA). 
  
5-2. Stephane CATHALAU, “Improvement of the Integral Gamma-Spectrometry 
Technique” 
 
 Dr. Cathalau (CEA) presented the new gamma-spectrometry system installed in 
the EOLE facility at CEA Cadarache.  The new system is used for gamma scanning 
measurement of EOLE fuel rods, and is designed to be automatically controllable to 
reduce the radiation dose and other risks of the staff members.  The new system was used 
in BASALA-C experiment for its first industrial utilization.  
 
5-3. Yoshihiro YAMANE, Yasunori KITAMURA, and Hideto YAMAUCHI, “Study on 
Variance-to-Mean Method for Pulse-Mode Operation of Accelerator-Driven Subcritical 
System at KUCA” 
 
 Mr. Yamauchi (Nagoya Univ.) presented the activities related to the development 
of variance-to-mean method to be used for subcriticality monitoring of the ADS.  
Theoretical derivations of variance-to-mean formula were performed based on two 
different definitions of mean value in quasi-static state (variance-mean and constant-mean).  
The experiment was performed at Kyoto University Critical Assembly by combining the 
critical assembly with pulsed neutron generator.  Through the analysis of experimental 
data, it has been shown that the variance-mean gives better results for longer pulse period, 
and constant-mean gives better results for shorter pulse period. 
 
5-4. Hironobu UNESAKI, “Preliminary Analysis of KUCA Critical Experiments using 
JENDL-3.3” 
 
 Dr. Unesaki (Kyoto Univ.) presented the results of criticality analysis of Kyoto 
University Critical Assembly using continuous energy Monte Carlo code MVP and 
JENDL-3.3 library.  The present analysis is focused on polyethylene moderated/reflected 
thermal systems with various H/U ratios and effective U enrichment (adjusted by varying 
the ratio of 93% enriched U and natural U plates in a fuel cell).  It has been shown that 
JENDL-3.3 significantly improves the C/E value, especially for cores with small H/U 
ratio; the large over-prediction observed for JENDL-3.2 was significantly reduced to 0.998 
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to 1.006 by the use of JENDL-3.3.  The criticality for highly enriched U cores (without 
natural uranium plates) show slight overestimation compared to the cores containing both 





N-1. Olivier LITAIZE, “Monte-Carlo Reference Calculation of APWR Neutronic 
Parameters. Qualification on MISTRAL Experiments” 
 
Dr. Litaize (CEA) presented the results of reference Monte Carlo analysis of 
MISTRAL UOX and MOX cores.  Fission rate distributions, thermal flux distributions, 
boron and void reactivity worths were analyzed using continuous energy Monte Carlo code 
TRIPOLI-4.  It has been shown that 1) criticality is predicted by +150 pcm for UOX core 
and +400 to +600 pcm for MOX cores, 2) fission rate is well predicted within core region 
and show about +4% discrepancy at core periphery, 3) boron reactivity of approximately 
–16 pcm/ppm is well predicted by correlated sampling method.  From the above results, it 
is concluded that Monte Carlo reference calculations could provide relevant and reliable 
C/E.  
 
Discussion on Future Cooperation 
 
The following plan on future cooperation has been agreed.  
 
Topic 2:  
z The paper by CEA will be presented at the next meeting 
 
Topic 4: 
z Summarizing the results of SF97 benchmark (preparation of joint paper) 
¾ CEA (Dr. A. Courcelle) will send the detailed results of SF97 to Japanese side before the 
next meeting. 
¾ Japanese side (Dr. Iwasaki, Tohoku Univ.) will present the results using JENDL-3.3 to 
CEA at the next meeting. 
¾ The both sides agreed to start the preparation of a joint paper to be published in scientific 
journals. 
z SF98 (BWR benchmark) 
¾ Further activities related to this benchmark are cancelled.  
z New benchmark problem SF96 : with Gd pins (PWR) 
¾ Japanese side will provide additional specification of SF96 benchmark to French 
side if necessary. 
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z Proposal of new benchmark : burnup analysis in thermal reactor 
¾ CEA will present some results related to trends research on nuclear data using integral 
experiments (reactivity measurements, PIE, etc.) at the next meeting. 
¾ Japanese side (Prof. Takeda, Osaka univ.) may propose a new benchmark related to 
burnup analysis after the presentation from CEA. 
 
Topic 5: 
z Japanese side (Dr. Unesaki) will present the results of KUCA criticality analysis for 
Thorium and NU loaded cores at the next meeting.  
z CEA would like to examine the possibility to settle the bases of cooperation in 
miniature fission chambers utilization in the experimental reactors EOLE (or 
MINERVE) and in KUCA.  CEA and KURRI will examine this possibility in detail.  
 
New Topics: 
z CEA side (Dr. O. Litaize) will present a specific benchmark problem related to Monte 
Carlo reference calculation of APWR neutronics parameters at the next meeting.  
 
Next Meeting: 
z The next meeting (12th seminar) will be held in France before October, 2003. 
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5. 結 言 
 本研究では、主としてPu の入った MOX 燃料を LWR に使用する際に問題となる炉物理
的課題の解決を目指し、日仏研究協力協定に基づいて共同研究を行ってきた。LWR におけ





















日仏共同論文を Nucl. Sci. Eng.誌に掲載するまでにこぎつけたことを素直に喜びたい。なお、
今後、積極的に共同研究の成果を学術誌に投稿する方向について、日仏の共同研究者レベ
ルでは合意に達しており、投稿準備を進めていることを申し添えておく。 
 また、本報告書では紙面の関係上、総ての方を研究協力者として列記することは差し控
えたが、JUA に加盟しておられる大学研究者の方々には、KUCA 実験及びその解析や日仏
セミナー及び京都大学原子炉実験所専門研究会の席上での討論に参加していただき、とき
には貴重な実験データを提供していただいたり、貴重なご意見を賜ったりした。ここに記
して深甚の謝意を表する次第である。 
 最後に、本成果報告書が少しでも次世代軽水炉の開発に役立ち、炉物理研究の進展に寄
与することができたとすれば、本研究班一同にとって無上の喜びである。 
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